The relationship between lifetime physical activity and the risk of developing peripheral arterial disease (PAD) is not known. Methods: We studied 1381 patients referred for elective coronary angiography in a point prevalence analysis. PAD was defined as ankle-brachial index (ABI) <0.9 at the time or a history of revascularization of the lower extremities regardless of ABI measure. We used a validated physical activity questionnaire to retrospectively measure each patient's lifetime recreational activity (LRA). Multivariate and logistic regression analyses were used to assess the independent association of LRA to ABI and the presence of PAD. Results: PAD was present in 19% (n ‫؍‬ 258) of all subjects. Subjects reporting no regular LRA had greater diastolic blood pressure and were more likely to be female. They had lower average ABI, and a higher proportion had PAD (25.6%). In a regression model, including traditional risk factors and LRA, multivariate analysis showed that age (P < .001), female gender (P < .001), systolic blood pressure (P ‫؍‬ .014), fasting glucose (P < .001), serum triglycerides (P ‫؍‬ .02), and cumulative pack years (P < .001) were independent negative predictors of ABI, and LRA was a positive predictor of ABI (P < .001). History of sedentary lifestyle independently increased the odds ratio for PAD (odds ratio, 0.46; 95% confidence interval, 1.01-2.10) when assessed by logistic regression. Intriguingly, there is a correlation between physical activity and gender, such that women with low LRA are at greatest risk. Conclusion: Recalled LRA is positively correlated to ABI and associated with PAD. Whereas the mechanism for this effect is not clear, LRA may be a useful clinical screening tool for PAD risk, and strategies to increase adult recreational activity may reduce the burden of PAD later in life. ( J Vasc Surg 2011;54:427-32.)
Peripheral arterial disease of the lower extremities (PAD) is a common disorder affecting 8 to 12 million individuals in the United States. PAD causes limb pain with exertion, and reduces functional capacity and quality of life 1 and is frequently associated with atherosclerotic disease in other vascular beds. 2 Patients with PAD are at increased risk from myocardial infarction, cerebrovascular events, aortic aneurysm rupture, and death from cardiovascular causes, as well as ischemic ulceration and amputation. 3 In patients with PAD, exercise therapy improves physical functioning. 4 Conversely, lack of activity is a risk for disease progression, loss of function, 5 and adverse cardiovascular disease outcome. 6 It is known that exercise has a favorable effect on endothelial function, in part via beneficial effects on nitric oxide (NO) metabolism. 7, 8 Lack of leisure time physical activity within the year prior to examination is associated with a lower ABI. 9 This may be due to the patients' inability to participate in moderate and high intensity activities due to claudication. However, it is unclear whether the typically sedentary nature of the PAD patient is merely a manifestation of the disease, or may also have an etiologic role. There are no data available regarding the role of lifetime physical activity in modulating the development of PAD. To this end, we aimed to assess the relative impact of lifetime recreational activity (LRA) on the prevalence of PAD in a group of patients referred for coronary angiography. eterization included angina, shortness of breath, abnormal stress test, or known coronary artery disease (CAD). Patients admitted for emergent catheterizations, or screening catheterizations prior to organ transplants were excluded from the study. Patients Ͻ40 years old and those with language barriers, a history of radiation treatment, and known chronic infectious diseases such as HIV and hepatitis B and C were also excluded.
Study assessments. Information about demographic factors, medications, personal and familial history of cardiovascular disease, walking impairment questionnaire, and social history were obtained using structured questionnaires administered by study personnel. Prior to the coronary angiogram, posterior tibial, dorsalis pedis, and brachial artery systolic pressures were measured using a 5 MHz Doppler ultrasound. One arm was used for the brachial pressures due to the presence of an intravenous line in the other arm. Ankle-brachial indexes (ABI) were calculated by dividing the higher ankle pressure of each leg over the brachial pressure. Each patient was then classified as having PAD (ABI Ͻ0.9 in either leg) or not having PAD (ABI Ն0.9 in both legs). Patients with ABI Ͼ1.3 or noncompressible arteries were not included in the continuous analysis. Patients with normal ABI (Ն0.9) but with a history of PAD-related surgery, angioplasty, or stenting were also classified as having PAD, but the data for ABI were not included in the continuous analysis. Past history of PAD procedure was included in the logistic regression, however.
Finally, 30 mL of blood was collected from each patient through a venous or arterial femoral sheath, or from an intravenous line in the arm. The blood specimens were centrifuged at 3000 RPM for 20 minutes at 4 degrees Celsius. Aliquots of EDTA plasma and serum were stored at 75 degrees Celsius. Laboratory measurements were obtained from the Stanford and Mt. Sinai hospital clinical laboratories, and high sensitivity C-reactive protein (hsCRP) was measured for a subset of the cohort (n ϭ 580) at the Boston Children's Hospital (Dr Nader Rifai). Each angiogram was assessed by a board-certified interventional cardiologist blinded to subject details. Assessment of physical activity. Lifetime physical activity patterns were quantified using a questionnaire 10 modeled after the Harvard Alumni physical activity questionnaire of Paffenbarger and colleagues. The questionnaire was administered by a trained research assistant. The questionnaire responses were entered into a Microsoft Access program (created by JM; Microsoft, Redmond, Wash). The program was used to record the metabolic costs of recreational activities, and to express the results as energy expenditure in kcal/week. 11 Energy costs of activities were estimated from the compendium of physical activities developed by Ainsworth and colleagues. 12 Energy cost of stairs climbed per week was calculated using the estimation of Basset et al. 13 For reference, one flight of stairs climbed was considered 10 steps, and 12 blocks was considered one mile. Energy expenditure was expressed in terms of lifetime adulthood recreational activity, and recreational activity was also expressed separately as energy expended during the year prior to undergoing angiogram (recent activity). We focused on recreational activity as it has been shown to have a much more consistent correlation to outcomes in previous studies. 14 Questionnaires examining lifetime exposure to activity have good reproducibility. 15 The study was approved by the Institutional Review Boards at Stanford University and Mt. Sinai, and registered at http:// clinicaltrials.gov (NCT 00380185). Written informed consent was obtained from each patient. The authors had full access to and take full responsibility for the integrity of the data, and all authors have read and agreed to the manuscript as written.
Statistical analysis. Data are reported as mean Ϯ standard deviation unless otherwise indicated. All data were examined for normality, and non-parametric tests were used where appropriate. To compare means of demographic data in Table I , analysis of covariance was used, correcting for age. For analysis of hsCRP, the data were log transformed and also corrected for age, body mass index (BMI), and gender. Glomerular filtration rate (GFR) was estimated using the modification of diet in renal disease formula. 16 For correlation between dependents with mul- tiple predictors, multivariate and logistic regression models were used with all variables prespecified prior to performance of the analysis. Due to the skewed distribution of LRA per week resulting from the large number of subjects reporting no significant recreational activity, subjects were divided into five groups; one with almost entirely sedentary and no activity (n ϭ 417), and quartiles of activity (n ϭ 241) each. The correspondent values for no activity, mild, moderate, high, and vigorous LRA per week were 0, Ͻ573, 573 to 1190, 1191 to 2256, and Ͼ2256 kcal/week, respectively. SPSS software (version 15.0; SPSS Inc, Chicago, Ill) was used to perform all statistical calculations.
RESULTS
Table I describes selected baseline characteristics for groups according to the LRA. Notably, 417 patients (30%) in our study population reported an absence of any LRA. There were no significant differences between activity groups in terms of age, BMI, systolic blood pressure, lipids, glucose, pack years smoking, or hsCRP. Subjects reporting no regular LRA had greater levels of diastolic blood pressure and were more likely to be female (P Ͻ .001). A higher percentage of women were entirely sedentary (ie, reporting the absence of any LRA [P Ͻ .001]). PAD was present in 258 subjects (19%). We observed that the least active subjects (those reporting no activity) had a significantly lower ABI than the category of those reporting any level of LRA (0.94 Ϯ 0.21 vs 1.02 Ϯ 0.17; P Ͻ .001).
Furthermore, subjects with the greatest LRA had lower prevalence of PAD compared with sedentary subjects (13.7% vs 25.6%; P ϭ .001). The reduction in the prevalence of PAD between the groups was not linear; the largest reduction occurred between the group with essentially no recreational activity and the next least active group, with smaller differences observed between the other activity groups (Table II) . Table III shows the Spearman correlation between LRA groups and demographic and clinical characteristics. There is a weak negative correlation between LRA and gender ( ϭ Ϫ0.220; P Ͻ .001) and a weak inverse correlation between LRA and log hsCRP ( ϭ Ϫ0.125; P ϭ .009). LRA was a significant correlate of PAD prevalence ( ϭ Ϫ0.109; P Ͻ .001) and ABI ( ϭ 0.167; P Ͻ .001).
As previous studies have documented, the independent predictors of ABI include age, systolic blood pressure, fasting glucose, triglycerides, and history of tobacco use (Table IV) . Of interest, we find that female gender and history of no LRA are also independent predictors of ABI (P Ͻ .001). Similar findings were observed after assessment of independent predictors for the categorical variable of PAD by logistic regression (Table V) . Based on standardized beta coefficients, the rank order of independent predictors was higher fasting glucose, female gender, tobacco use, older age, history of no LRA, lower GFR, triglycerides, and lower BMI. Subjects with history of sedentary lifestyle had a 1.46-fold (95% confidence interval [CI], 1.011-2.103) greater odds ratio (OR) for PAD than subjects with physical activity (P ϭ .044; the OR for sedentary lifestyle is simply the reciprocal of the OR created by comparing the prevalence of PAD in the four LRA categories of activity combined, to that in the LRA category of no activity). In terms of the relationship between current symptoms and recalled activity, there was no significant correlation between current symptoms of leg pain when walking and reported LRA ( ϭ Ϫ0.009; P ϭ .752). Additionally, there was no association between current leg pain and recent activity ( ϭ Ϫ0.024; P ϭ .377).
DISCUSSION
Our study is the first to reveal that LRA is associated with prevalent PAD. The findings are more remarkable in that this effect was observed in a population already at high risk for atherosclerosis (eg, individuals undergoing diagnostic coronary angiography). We found that the main risk appeared to be in the group with no reported LRA (ie, the most sedentary). This suggests that even modest recreational activity may reduce the prevalence of PAD. Various epidemiologic studies have suggested that increased adulthood recreational physical activity is protective against CAD and its risk factors, as well as all-cause mortality. [17] [18] [19] For example, the Copenhagen City Heart study revealed that long-term moderate or high intensity physical activity was associated with a reduction in mortality from coronary heart disease, cancer, and all causes. 20 Our study adds important new information regarding the association of recreational activity and the prevalence of PAD. Although it is well-known that patients with PAD are sedentary, is this a cause or an effect of the disease? For example, in a small twin study, Carmelli et al 21 found that twins with PAD were more likely to have low physical activity and to be smokers than their non-PAD siblings. However, in this and most other studies, there is little or no information about the physical activity of these individuals prior to the development of PAD. In the Edinburgh Artery Study, which was a community based cross-sectional study, a history of strenuous activity between 35 and 45 years of age was associated with a reduction in the prevalence of PAD, 22 but only in male smokers. Our study substantially extends these findings since we examined cumulative life-time exposure to leisure activity in a large population at high risk of atherosclerosis. We have shown that low LRA is associated with prevalent PAD and low ABI in a group of patients referred for coronary angiography. This association was not simply due to an increase in traditional risk factors since it was independent in multivariate models. The association was most pronounced in those who gave a history of being sedentary throughout life.
We observed a weak inverse correlation between hsCRP and lifetime physical activity groups in our high-risk population (patients presenting for coronary angiography). This inverse relationship between physical activity and markers of inflammation also has been observed in lower risk populations. [23] [24] [25] An association also exists between parameters of cardio-respiratory fitness and CRP. 26 Furthermore, hsCRP levels are extremely low in ultra marathon runners independent of adiposity, 27 and CRP levels can be reduced by exercise training in sedentary adult subjects. 28 A similar association has been shown between plasma levels of inflammatory markers or D-dimers and current physical activity (measured by accelerometer) in PAD patients. 29 The other independent risk factors for PAD in this study were increasing age, systolic blood pressure, packyears smoking, and features of insulin resistance and diabetes such as hyperglycemia and elevated triglycerides. This is consistent with other previous studies suggesting that cigarette smoking and diabetes are significant risk factors for PAD. 30, 31 In fact, in our study, we saw these associations even in a population with a high burden of CAD and risk factors. Intriguingly, we find that female gender, in addition to a history of no LRA, is an independent risk factor for PAD. This association is not simply due to an increase in traditional risk factors since the association is independent in multivariable regression models. We have also found that there is a correlation between physical activity and gender, such that women with low lifetime recreational activity are at greatest risk of PAD. Previous studies have documented gender differences in the effect of PAD on quality of life. By comparison to men, women with PAD have a higher prevalence of leg pain and greater walking impairment. 39 Furthermore, health-related quality of life, particularly physical functioning, is greatly compromised in women with PAD. 32 When considering recreational activity as a binomial variable, the increase in risk of PAD in our study population due to a sedentary lifestyle was approximately 1.5-fold when including all other risk factors. The mechanism by which sedentary state may predispose to PAD cannot be determined from this study, but there are several physiological possibilities. Exercise may enhance endothelial function, by upregulating vasoprotective pathways such as heme oxygenase, superoxide dismutase, and nitric oxide synthase, and by downregulating the expression of proteins mediating vascular inflammation and thrombosis. 7, 8 In patients with PAD, regular activity has been associated with improvements in endogenous fibrinolysis, 33 improved microcirculatory function, 34 and reduced mortality. 6 It has also been shown that patients with PAD who walk regularly experience less functional decline over time. 6 Women who exercise strenuously seem protected against age-related increase in central arterial stiffness. 35 In addition, physical training in mice increases the release of endothelial progenitor cells, inhibits neointima formation after balloon injury, and promotes angiogenesis. 36 There may also be specific benefits in those at highest risk of PAD. For example, in a small study of physical activity in smokers, Anton et al 37 found that regular activity was associated with higher femoral artery blood flow and higher arterial conductance.
The Ankle Brachial Index Collaboration has provided data indicating that an ABI of Ͼ1.4 is a better cutpoint than Ͼ1.3 for predicting cardiovascular events and mortality in a general population. 38 The Ankle Brachial Index Collaboration performed a data metaanalysis of relevant studies of prospective cohorts of participants from the general population. However, our subjects are from a population of patients undergoing cardiac catheterization. These patients are more likely than those drawn from a general population to have risk factors that increase the prevalence of fibrosis, medial calcification, and atherosclerosis. In this population of subjects, we reasoned that, by using an upper limit of 1.4 as a normal ABI, the risk of misclassifying patients might be increased. By using an upper limit for normality of 1.3, we only excluded 13 patients (1% of the total study population) that would have been included with the more liberal cutoff value.
Study limitations. The Harvard Alumni Questionnaire, which is the basis for our assessment of LRA, is a validated instrument that has provided strong support for the association between physical activity patterns and cardiovascular morbidity and mortality. 10 However, as with any questionnaire, the responses depend on patient recollection. It is possible that patient recall of lifetime physical activity may be biased by their recent symptoms. However, most patients with PAD are asymptomatic or have atypical symptoms. 39, 40 There is discordance between leg symptoms and clinical evidence of PAD. Indeed, in our study there was no significant correlation between exerciseinduced leg pain and LRA or recent activity. This suggests that the results observed were not due to recall bias.
Our questionnaire assesses overall adulthood activity patterns and does not quantify activity by recent or remote decades. Accordingly, we cannot perform sensitivity analyses excluding LRA data from recent decades to see if the relationship of PAD is maintained with LRA in earlier decades. In addition, we have only established a correlation between LRA and the prevalence of PAD. It is possible that other factors (other than the traditional risk factors for which we accounted) associated with a sedentary lifetime were causal in the later onset of PAD.
We studied a population of subjects that is already at high risk of arterial disease, a group enriched in patients with cardiovascular risk factors. As a result, the range of these variables may be more narrow than in the general population, which would tend to reduce the strength of the observed associations. This may mean that the association between lifetime recreational activity and PAD/ABI may be stronger in the general population.
CONCLUSIONS
Low levels of LRA were associated with low ABI and with the diagnosis of PAD, independently of traditional risk factors, in patients undergoing cardiac catheterization. Subjects in the least active group were more likely to be female and had higher diastolic blood pressure. The risk of PAD was increased by 1.5-fold in those with no history of recreational activity, corrected for other cardiovascular disease risk factors. Strategies to increase recreational activity may reduce the burden of PAD later in life. For health care providers, a history of no lifetime recreational activity may heighten the clinical index of suspicion for PAD. 
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